This study documents the ultrastructural findings in a case of solar retinopathy, 6 day s after sungazing. A malig nant melanoma of the choroid was diagnosed in a 65-year-old man. On fundoscopy, the macula was normal.
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The patient agreed to stare at the sun prior to enuclea Eclipse watching is the major cause of solar retinopathy. I It has also been described in sunbathers, pilots, military recruits, in patients with mental illness and following religious rituals. 2 Following exposure, patients complain of decreased visual acuity and central scotomas.
Fundoscopy in the early stages reveals a small yellow spot in the centre of the fovea. This fades and is replaced by areddish spot surrounded by a pigment halo. After approxi mately 1-2 weeks a small, red, sharply circumscribed lamellar hole develops in the foveal region. This lesion is frequently permanent, and is characteristic of solar retino pathy. Fluorescein angiography is typically normal, but in the acute stages a small focal area of staining may be present. 
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The prognosis for recovery in solar retinopathy is good and the majority of patients regain pre-exposure visual acuity.3 However, central scotomas frequently persist.
The purpose of this paper is to document the ultrastruc tural findings in a case of solar retinopathy.
CASE REPORT AND METHODS
A 65-year-old man presented to the Ophthalmic Depart ment of the Royal Victoria Hospital, Belfast, complaining of a IO-week history of floaters affecting the right eye. Examination revealed best corrected visual acuity was right eye 6/9 and left eye 6/4. Fundoscopy of the right eye revealed an inferonasal peripapillary choroidal malignant melanoma, measuring 9 mm in diameter. A fluorescein angiogram confirmed the presence of a choroidal malig nant melanoma; the macula was normal (Fig. 1) . Systemic investigations did not reveal any evidence of metastatic spread. In view of the size of the tumour and the proximity to the optic disc, it was decided to enucleate the right eye. Prior to enucleation, the patient agreed to stare at the sun. The pupil was dilated with guttae cyclopentolate 1 % and measured 5 mm. The left eye was occluded and he stared at the sun uninterruptedly for 10 minutes. He described that immedi ately afterwards he could see a black spot in front of the right eye and visual acuity in this eye was 6/24. Six days later visual acuity in the right eye was 6/9; no scotomas were detected on Amsler grid testing. Fundoscopy revealed the typical appearance of solar retinopathy (Fig. 2) . A repeat fluorescein angiogram of the macula showed no obvious abnormality (Fig. 3) . The right eye was enucleated, following which small tissue samples of retina and attached choroid were dissected from the macula and from the cen- M. W. HOPE-ROSS ET AL. 
RESULTS
In the foveal and parafoveal regions the photoreceptor cells showed swelling of their outer segments with fragmenta tion and vesiculation of the photoreceptor lamellae (Fig. 4 ).
Large numbers of discrete 100-200 nm whorls were pres ent within the disc membranes (Fig. 5 ). It was notable that in some outer segments the whorls were the only obvious fine show 100-120 nm membranous whorls (arrows). x 15 000.
structural abnormality. Some outer segments also showed gross kinking and folding, but as the neural retina had undergone artefactual detachment during processing these changes were attributed to simple mechanical disruption.
Swollen mitochondria were present in the inner seg ments of a large number of the photoreceptors in the fovea and parafovea, especially in the rod cells of the parafovea (Fig. 6a ), but were not encountered in the remainder of the central retina (Fig. 6b) .
A small number of the foveal and parafoveal cones showed increased granularity of their nuclear chromatin (Fig. 7) . In contrast, a large proportion of the rod cells in the parafovea demonstrated frank pyknosis (Fig. 8) .
Most of the retinal pigment epithelial (RPE) cells in the macula appeared normal. The RPE cell cytoplasm had a high content of lipofuscin and melanofuscin, a change con sistent with the patient's age. Approximately 5% of the RPE cells in the fovea and parafovea demonstrated a spec trum of degenerative changes which included loss of the apical microvilli and basal plasmalemmal infoldings, swelling of the smooth endoplasmic reticulum and Golgi elements, and either apical or lateral displacement of the cell nucleus. Also. the lipofuscin and melanofuscin gran ules in such cells were unusually electron-lucent in com parison with those in neighbouring normal RPE cells (Fig.  9 ). This phenomenon was particularly evident in the melanofuscin complexes, where the enclosed melanin granules, which were consistently electrQIl-opaque, could easily be identified within the 'pale' matrix of the bodies. The 'pale' lipofuscin granules appeared swollen and filled the bulk of the cytoplasm in the affected cells (Fig. 10) .
The inner retinal layers in the macula and throughout the rest of the retina showed no obvious fine structural abnormalities. Bruch's membrane and the choriocapillaris were unremarkable in all regions examined by electron microscopy.
DISCUSSION
This study demonstrates the ultrastructural findings in a case of solar retinopathy, 6 days after a solar injury. The lit erature contains two previous histopathological studies of the human eye following sun gazing.4.5 An ultrastructural study by Tso et at. found, in agreement with the current report. that pathological changes were largely confined to the outer retina. They described alterations in the photo receptor outer segments which, although not illustrated, appear similar to the findings in the present study and in addition noted accumulations of dense bodies in the inner segments. In contrast to the present study they also found depigmentation of the RPE and pathological changes involving Bruch's membrane and the. choriocapillaris. A light microscopical study of an eye enucleated 6 months after a solar insult was reported by Gass, who described photoreceptor cell loss and depigmentation of the RPE.
It was formerly thought that solar retinopathy resulted from a thermal injury, and although it is now appreciated that the maximum temperature increase at the level of the retina (4 DC) is insufficient to cause coagulative necrosis,6 the effect of temperature should not be dismissed com pletely as increases of this order have been shown to initiate the expression of heat shock proteins in retinal cells. 7 How- ever the weight of current evidence suggests that the main causative factor in solar retinopathy is a photochemical injury mediated by highly reactive free radicals. x
In the present study, retinal injury was most severe in the photoreceptor cells of the fovea and the parafovea, especi ally in the rod cells of the parafovea where the widespread occurrence of pyknotic nuclei heralded the impending death of the affected cells. The photoreceptor outer seg ment rnembranes appeared more susceptible to solar radi ation damage than any other cell component; rods and cones were similarly affected. Almost all of the outer seg ment aberrations described above may be produced artefac tually through inappropriate fixation, physical trauma and chemical or thermal insult. However, as the changes were confined to the fovea and parafovea and coincided with M. W. HOPE-ROSS ET AL. pyknotic rod nuclei in the parafovea, they were attributed to solar injury. The susceptibility of the photoreceptor mem branes to intense light is now thought to be due to their high content of polyunsaturated and di-polysaturated fatty acids. 9 These lipids are particularly vulnerable to perox idation by oxygen-derived free radicals which are gener ated in living cells by various forms of electromagnetic radiation including visible light.
10.1 1 Under normal circum stances endogenous scavenging systems protect the retina from free radical attack. 12.13 However, overexposure to any appropriate radiation may exhaust the protective mechan isms and lead to cell injury. Almost all the ultrastructural sequelae of solar radiation damage to the photoreceptor outer segments noted in the present study have been documented in previous investiga- tions of light damage to the retina.14 However, the occur rence of discrete 100-120 nm whorls within the disc membranes is of interest as nearly identical structures have been observed in the photoreceptor outer segments of rats exposed to X-radiation. 15 This is not surprising as cell dam age from both visible light and X-rays is mediated by free radicals.
\
The mitochondrial swelling in the photoreceptor cells of the fovea and parafovea was attributed to solar radiation damage as the change was not encountered elsewhere in the retina. Mitochondria may be vulnerable to light damage ,through their content of metals such as iron and copper, which under appropriate conditions catalyse the generation offree radicals. 16 It is possible that the numerous large mito chondria in the photoreceptors, when over-irradiated with visible light, may act as sources of free radicals which dam age not only the mitochondria but the cells which contain them.
The nuclear pyknosis which was so evident in rod cells of the parafovea may have resulted from free radical damage to tile nuclear chromatin at the time of exposure to the sun. However, nuclear pyknosis is a terminal morphological sign shared by most if not all cells during cell death. There fore it is also possible that the rods were undergoing death due to overwhelming destruction of key cytoplasmic com ponents such as mitochondria. Although the architecture of the photoreceptor cells precluded any direct correlation of the pyknotic nuclei in the outer nuclear layer with inner seg ments showing swollen mitochondria, because these changes were confined to the fovea and parafovea and occurred in a similar proportion of the cells, it is possible that both features were represented within the same population.
The fine structural anomalies noted in some RPE cells of the fovea and parafovea suggested that these cells may eventually have died and detached from Bruch's mem brane. However, as only a small proportion of the RPE appeared to have suffered, it is probable that such micro scopic defects could be easily repaired by cell sliding andlor local division. Alternatively, the affected cells may have survived but lost their pigment as in the cases described by Tso and Gass. This possibility is supported by the fact that the lipofuscin and melanofuscin granules of the cells in question were clearly undergoing some qualitative change which may have resulted in their extrusion from the cells.
The present study has shown that the favourable prog nosis for visual recovery in solar retinopathy is largely attributable to the resilience of the central cones, which were seen to survive in spite of obvious cell death in the adjacent rods. Several studies on animal models of photic retinopathy have shown that at the threshold of light dam age to the retina, the cone segments are more sensitive than those of the rods.17,18 These results are in accord with the observation in the present study that, in spite of their other wise healthy appearance, the foveal cones appeared to have incurred at least as much outer segment damage as the para foveal rods. However, none of the experimental studies compared photoreceptor cell survival, and as the outer seg ment membranes are continuously renewable, the visual prognosis ultimately depends on cell survival. Why such similar cells with a' common embryonic origin and shared environment should exhibit such a differential sensitivity to light damage is difficult to explain. However, a compari son of their antioxidant protection systems and the free rad ieal generating or scavenging properties of the photopigments found in each cell type may help clarify the observed differences in their vulnerability to photochemi cal insult.
